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PATENT 
0033-0788P 

IN THE U.S. PATENT AND TRADEMARK OFFICE 

Applicant: NISHIMURA, Takashi et al . 

Int'l. Appl. No.: PCT/ JPOO/06114 

Appl - No . : New Group : 

Filed: February 19, 2002 Examiner: 

For: DATA COMMUNICATION METHOD, 

BIDIRECTIONAL DATA COMMUNICATION 
METHOD, DATA COMMUNICATION SYSTEM, 
BIDIRECTIONAL DATA COMMUNICATION 
SYSTEM, DATA TRANSMITTING DEVICE, 
AND DATA RECEIVING DEVICE 

PRELIMINARY AMENDMENT 

BOX PATENT APPLICATION 

Assistant Commissioner for Patents February 19, 2002 

Washington, DC 20231 

Sir: 

The following Preliminary Amendments and Remarks are 
respectfully submitted in connection with the above- identified 
application. 

AMENDMENTS 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

Before line 1, insert --This application is the national 
phase under 35 U.S. C. § 371 of PCT International Application No. 
PCT/ JPOO/06114 which has an International filing date of 
September 7, 2 000, which designated the United States of 
America. -- 



Docket No. 0033-0788P 



REMARKS 



The specification has been amended to provide a cross- 
reference to the previously filed International Application. 

Entry of the above amendments is earnestly solicited. An 
early and favorable first action on the merits is earnestly 
solicited. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 
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DESCRIPTION 

Data Communication Method, Bidirectional Data Communicatio n Method, 
Data Communication System, Bidirectional Data Communication System, 
Data Transmitting Device, and Data Receiving Device 

Technical Field 

The present invention relates to a data communication method, 
bidirectional data communication method, data communication system, 
bidirectional data communication system, data transmitting device, and 
data receiving device. More particularly, the present invention relates to a 
data communication method, bidirectional data communication method, 
data communication system, bidirectional data communication system, 
data transmitting device, and data receiving device for conducting data 
communication by using a single-core optical fiber as a transmission 
medium. 

Background Art 

A bidirectional transmission method using a single-core optical fiber 
includes a fiiU-duplex transmission method and a half-duplex transmission 
method. The full-duplex transmission method is a method in which both 
terminal devices always transmit and receive simultaneously. In contrast, 
the half-duplex transmission method is a method in which both terminal 
devices do not transmit and receive simultaneously, but the transmission 
direction is switched with time. A method for switching the transmission 
direction includes a method in which transmission/reception is switched 
based on a predetermined time slot assigned to each terminal device for 
transmission, a method in which transmission/reception is switched by 
handing over a transmission right upon transmission, and the Hke. 

First, an example in which a signal according to IEEE Std. 1394- 
1995 and additional standards thereof (hereinafter, referred to as 
IEEE 1394) is transmitted by the full-duplex transmission method will be 
described with reference to Figs. 19A to 19D. 



In Figs. 19A to 19D, it is assumed that two terminal devices A and B 
are connected to a transmission path and the terminal device A as a leaf 
node transmits data after outputting a request for transmission. In Figs. 
19A to 19D, time passes from left to right. 
5 Fig. 19A shows a signal transmitted from the terminal device A. 

The downward arrows above the figure indicate that a request to transmit 
a bus arbitration signal and packet data indicated at the bottom of the 
arrows is output fi:om an upper layer of the terminal device A at the 
corresponding timing. 
^ 10 Fig. 19B shows a signal received by the terminal device A. This 

O signal corresponds to a signal from the terminal device B in Fig. 19C 

'2 delayed by a transmission delay. The downward arrows below Fig. 19B 

^ indicate that the head of a bus arbitration signal and packet data indicated 

® at the top of the arrows is transmitted to the upper layer of the terminal 

m ■ 15 device A at the corresponding timing. 

Fig. 19C shows a signal transmitted from the terminal device B. 
The downward arrows above Fig. 19C indicate that a request to transmit a 
bus arbitration signal and packet data indicated at the bottom of the 
S arrows is output from an upper layer of the terminal device B at the 

111 20 corresponding timing. 

Fig. 19D shows a signal received by the terminal device B. This 
signal corresponds to the signal from the terminal device A in Fig. 19A 
delayed by a transmission delay. The downward arrows below Fig. 19D 
indicate that the head of a bus arbitration signal and packet data indicated 
25 at the top of the arrows is transmitted to the upper layer of the terminal 
device B at the corresponding timing. 

Operation will now be described in the order of events. First, a bus 
is in the IDLE state, that is, the state in which both terminal devices A and 
B transmit IDLE. The upper layer of the terminal device A as a leaf node 
30 then outputs a request for data transmission (REQUEST<lh>), and the 
terminal device A transmits REQUEST<2h>. The terminal device B 
receives REQUEST<2h> from the terminal device A after transmission 
delay time in the transmission path, and REQUEST<4h> is transmitted to 
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the upper layer of the terminal device B. The upper layer of the terminal 
device B as a root node then outputs a permission (GRANT<lh>) in 
response to the request for data transmission (REQUEST<lh>) from the 
terminal device A, and the terminal device B transmits GRANT<2h>. 

When the terminal device A receives GRANT<3h> from the terminal 
device B, GRANT<4h> is transmitted to the upper layer. The upper layer 
in turn outputs a data prefix signal (DATA PREFIX<lh>) in place of 
REQUEST. Therefore, the terminal device A transmits DATA 
PREFIX<2h>. 

The terminal device B then receives DATA PREFIX<3h> from the 
terminal device A and transmits it to the upper layer. The upper layer in 
turn outputs IDLE<lh> in place of GRANT, and the terminal device B 
transmits IDLE<2h>. The terminal device B thus enters a data receiving 
mode. After outputting DATA PREFIX<2h> for a prescribed time, the 
terminal device A transmits packet data (DATA<2h>) requested from the 
upper layer. After packet data transmission is completed, the upper layer 
outputs a data postfix signal (DATA END<lh>), and the terminal device A 
transmits DATA END<2h>. Thereafter, the upper layer outputs 
IDLE<5h>, and the terminal device A transmits IDLE<6h>. 

On the other hand, the terminal device B in the receiving mode 
transmits DATA<4h>, DATA END<4h>, IDLE<8h> foUowing DATA 
PREFIX<4h> to the upper layer thereof. By the above steps, data is 
transmitted form the upper layer of the terminal device A to the upper 
layer of the terminal device B, and the signals transmitted fi:om the 
terminal devices A and B both return to the original state IDLE. 

Figs. 20A to 20D show an example in which a signal according to 
IEEE 1394 is transmitted by the half-duplex transmission method. In Figs. 
20A to 20D, it is assumed that the terminal device A transmits data after 
outputting REQUEST, as in the case of the above fuU-duplex transmission 
method. Note that, in Figs. 20A to 20D, I indicates IDLE, RQ indicates 
REQUEST, and GR indicates GRANT. The process flow as viewed fi:om 
the upper layers of the terminal devices A and B is completely the same as 
that in the above fuU-duplex method. However, the half-duplex 



transmission method is different from the full-duplex transmission method 
in the following points. 

First, a signal transmitted from the terminal devices A and B is a 
burst signal rather than a continuous signal, and the terminal devices A 
and B do not transmit simxiltaneously. Second, even if a request to 
transmit an arbitration signal is output from the upper layer, the 
corresponding terminal device, if it has no transmission right, cannot 
immediately transmit the arbitration signal, and has to wait until it 
acquires the transmission right. In the worst case, actual transmission is 
started with a delay of one cycle. 

Third, a transmission right will not be transferred during data 
transmission (actually, from the start of transmission of DATA PREFIX 
until the end of transmission of IDLE after DATA END). During this 
period, the terminal device A is in the transmitting mode and the terminal 
device B is fixed to the receiving mode. As a result, the terminal device B 
cannot transmit IDLE in place of GRANT. Therefore, the terminal device 
A itself must transmit to the upper layer thereof IDLE that is supposed to 
be received from the terminal device B. 

In the full-duplex transmission mode, each terminal device receives 
the light transmitted from the other terminal device. At this time, each 
terminal device may simultaneously receive the Hght transmitted from the 
terminal device itself due to the reflection by the optical fiber, thereby 
degrading the error rate of the received signal. Such reflection by the 
optical fiber is divided into two types: proximal-end reflection, reflection 
fi:om the end face of the optical fiber located at the former terminal device; 
and distal-end reflection, reflection from the end face of the optical fiber 
located at the latter terminal device. Such reflected hght can be reduced 
by using an optical system in an ingenious manner like shaping the end 
face of the optical fiber so that the end face is less likely to be subjected to 
reflection, or covering the end face of the optical fiber with a special coating 
for suppressing reflection. However, this results in increased costs. 

When a single-core optical fiber is used in a transmission path, 
arranging a transmitting section and a receiving section close to each other 



increases a chance for electromagnetic noise to be introduced from the 
transmitting section to the receiving section, resulting in a degraded error 
rate of the received signal. Arranging the transmitting section and the 
receiving section away enough to be free from the electromagnetic noise 
requires large space, which goes against the space saving, i.e., one of the 
main advantages of a single-core optical fiber over a double-core optical 
fiber. Therefore, such arrangement is not practical. 

One way to improve the error rate of the received signal resulting 
firom reflected light and electromagnetic noise is to add an error correcting 
code. However, the transmission rate is increased by the amount of codes 
added. Otherwise, the transmission band available for data transmission 
is reduced. 

In the half-duplex transmission method, transmission and reception 
win not occur simultaneously. Therefore, neither the reflected light nor 
the electromagnetic noise introduced from the transmitting section to the 
receiving section need be considered. However, transmission can not 
always be started immediately, causing increased transmission delay and 
variation in delay amount. Such increased transmission delay results in a 
reduced transmission band. 

The following attempts have been made in order to implement 
bidirectional full-duplex communication based on a single wavelength by 
using a single-core optical fiber. First, communication is conducted by 
using devices having sufficiently low reflection of transmitted fight from 
the end face of the optical fiber and sufficiently low electromagnetic noise 
from the transmitting section to the receiving section. Communication is 
also conducted by using an error correcting code having redundancy 
required to implement the target error rate. 

However, these attempts have the following problems: Reducing the 
error-generation rate to such a value as not to prevent the communication 
results in increased costs for the communication devices. Communication 
using an error correcting code requires code synchronization, and therefore 
requires a separate mechanism for accurate synchronization. Accordingly, 
in a serial communication path having a high error-generation rate, data 



transmission must be conducted while efficiently obtaining synchronization 
with high accuracy. One example of this is a spread spectrum 
communication method for multiplex communication. When the spread 
spectrum communication method is apphed to a serial communication path, 
data communication is conducted by representing 1 bit by an inverted state 
of a specific sequence. In this case, bit synchronization is obtained by 
detecting the specific sequence, but a mechanism for synchronizing a 
symbol (indivisible, minimum unit of information) is reqxiired. 

One possible way to prevent synchronization of a symbol from being 
conducted separately in the spread spectrum communication method is to 
collectively transmit a symbol over a plurality of multiplexed channels. 
More specifically, provided that the transmitting end simultaneously 
transmits the bits of a symbol over a plurality of channels, the receiving 
end can simultaneously receives those bits of the symbol. Accordingly, the 
symbol can be determined as long as bit synchronization is accomplished. 

As a method for implementing multiplex communication using the 
spread spectrum communication method in a serial communication path, 
Japanese Laid-Open Publication No. 8-130526 discloses a multiplexing 
method in the spread spectrum communication. The multiplexing method 
in the spread spectrum communication described in Japanese Laid-Open 
PubHcation No. 8-130526 is characterized by a spread code sequence used 
for spreading and a method for determining the spread code sequence. 
The spread code sequence used for spreading is represented by a plurahty 
of specific sequences shorter than the spread code sequence and a pattern 
of combination of time intervals inserted therebetween. By calculating 
correlation between the received signal and the specific sequence, the 
receiving end detects the specific sequence and the time interval between 
the specific sequences, and thus detects the spread code sequence. 

In the spread spectrum communication, a specific pattern of 
combination of time intervals inserted between a plurality of specific 
sequences is assigned to each transmittiag end so that a transmitting 
station of the received data is specified. Mxiltiplexing can thus be realized. 
In this case, multiplexing can also be implemented in a serial 



communication path by selecting for each channel a plurality of specific 
sequences and a pattern of time intervals inserted therebetween so that the 
speci&c sequences in a plurahty of channel signals do not interfere with 
each other (for example, so that the specific sequences are generated at 
different timings). 

By multiplexing the bits of a symbol of the data, communication with 
symbol synchronization can be conducted in a serial communication path 
without requiring any separate mechanism. 

In the following description, a sequence of a continuous signal 
received by a receiver is referred to as a received sequence, and a sequence 
of a continuous part of the received sequence having the same length as 
that of the specific sequence is referred to as a partial received sequence. 
Information regarded as one piece such as a character code is referred to as 
a symbol. 

The multiplexing method in the spread spectrum communication 
described in the above Japanese Laid-Open Pubhcation No. 8-130526 is 
appHed to a serial communication path on the assumption that a plurality 
of specific sequences and a pattern of combination of time intervals inserted 
therebetween are assigned to each transmitting end, and 1 bit is 
represented by an inverted state of the specific sequence. 

Accordingly, in the case where the bits of a symbol are multiplexed 
rather than the data transmitted from each transmitting end, the receiver 
has the structure shown in Fig. 2 1. In Fig. 2 1, the receiver includes a 
receiving section 1, a correlator 2, pattern determination units 3a to 3d, 
ssnichronizers 4a to 4d, and a decoder 5. The receiving section 1 receives a 
transmitted code sequence and apphes it to the correlator 2. By detecting 
whether correlation between the most recent partial received sequence of 
the received sequence and the specific sequence exceeds a threshold value 
or not, the correlator 2 detects a specific sequence and outputs a detection 
signal. 

The pattern determination units 3a to 3d each determines the 
inverted state of the respective time interval pattern between detection 
signals. The time interval patterns respectively correspond to the bits of 



the received symboL When the time interval patterns respectively 
corresponding to the bits are different in length, the pattern determination 
units 3a to 3d output the output values at different timings. In this case, 
the synchronizers 4a to 4d synchronize the respective output values of the 
pattern determination units 3a to 3d in order to accurately determine the 
symboL The decoder 5 determines the transmitted symbol based on the 
output values of the pattern determination units 3a to 3d, and transmits it 
to an upper layer. 

The data communication system based on the above related art thus 
requires for the receiver the pattern determination units 3a to 3d and the 
synchronizers 4a to 4d corresponding to the number of bits of a symbol, 
resulting in increase in size. If the time interval patterns corresponding to 
the respective bits have the same length and the receiving end detects 
every bit value at the same timing, the synchronizers 4a to 4d are not 
required. However, since the time interval patterns corresponding to the 
respective bits have a fixed length, shorter timing interval patterns cannot 
be used for a frequently-appearing symbol, thereby reducing the data 
transmission rate. 

It is therefore a primary object of the present invention to provide a 
data communication method, bidirectional data communication method, 
data communication system, bidirectional data communication system, 
data transmitting device, and data receiving device for conducting data 
transmission while suppressing reduction in transmission band without 
burdening an optical system and without increasing the transmission rate. 

It is another object of the present invention to provide a data 
communication method, bidirectional data communication method, data 
communication system, bidirectional data communication system, data 
transmitting device, and data receiving device suitable for accurately 
transmitting a symbol over a communication path in which an error is 
generated, particxilarly when there are only a small number of types of 
symbols. 



Disclosure of the Invention 



In a data communication method according to the present invention, 
data to be transmitted is represented by a time interval, and the data 
represented by the time interval is interposed between first specific 
sequences for transmission. The first specific sequence has a sharp 
autocorrelation fiinction. 

Thus, according to the present invention, accurate communication 
can be conducted in a serial communication path with a high error- 
generation rate without requiring a separate synchronization mechanism, 
thereby simplifying the structure of a receiver for receiving data. The time 
interval can be detected by calculating correlation between a partial 
received sequence extracted from a received sequence and a specific 
sequence. More specifically, whether the correlation exceeds a threshold 
value or not is determined. A time interval representing a symbol can be 
detected based on the time interval between detection signals generated in 
response to detection of a specific sequence from the received sequence. By 
selecting an appropriate threshold value, accurate, synchronous 
communication can be conducted even in a communication path having a 
high error-generation rate. Moreover, unlike the case where a 
multiplexing method in the spread spectrum communication is apphed, a 
pluraHty of pattern determination units are not required. Therefore, data 
communication can be conducted with a simple configuration. By 
representing a frequently appearing symbol by a short time interval, the 
data transfer rate can be improved. 

The first specific sequence having a sharp autocorrelation function 
and a second specific sequence having a specific relation with the fitrst 
specific sequence may be used as a sequence of the data represented by the 
time interval. In embodiments, the time interval interposed between the 
first specific sequences is referred to as a gap, and the second specific 
sequence transmitted in the gap is referred to as a gap sequence. 

A binary sequence may be used as the first specific sequence and the 
second specific sequence, and the time interval may be set on a bit basis. 
This enables application to duplex communication using an optical fiber or 
the like. 



A specific sequence formed firom a combination of a first logic and a 
second logic different from the first logic, and a code corresponding to the 
specific sequence having the first logic and the second logic inverted may be 
used as the first specific sequence, and the specific sequence, an inverted 
sequence thereof, and the time interval representing the data to be 
transmitted may be transmitted in combination. Thus, the maximum bit 
length and the average bit length required to transmit a single symbol can 
be reduced, allowing for an improved data transmission rate. Note that, in 
embodiments, inverting each bit "r, "0'' of the specific sequence is referred 
to as "inverting the specific sequence". Moreover, when a transmitting end 
transmits a non-inverted specific sequence, a receiving end generates a 
detection signal based on correlation with the specific sequence. 
When the transmitting end transmits an inverted specific sequence, the 
receiving end generates a detection signal "-1" based on correlation with 
the specific sequence. 

Two communication paths may be included for bidirectional 
communication. The first specific sequence may be used in one 
communication path, and a code corresponding to the first specific sequence 
having each logic inverted may be used in the other communication path. 
As a result, when the two communication paths are likely to generate 
crosstalk to each other, the probabihty that the detection signal is 
erroneously generated can be reduced as compared to the case where the 
same specific sequence is used in both communication paths. 

A pseudo-noise sequence (PN code) may be used as the first specific 
sequence. This enables accurate detection of the specific sequence in the 
received sequence. 

A Barker sequence may be used as the first specific sequence. The 
Barker sequence significantly correlates with the Barker sequence itself 
and an inverted sequence thereof. Therefore, the Barker sequence is 
sxiitable as a specific sequence in a commxmication method in which a 
symbol is represented by combination of a time interval interposed between 
the specific sequences and inversion/non-inversion of the specific sequence. 
The number of corresponding bits having a same value minus the 
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number of corresponding bits having different values in a partial received 
sequence and the first specific sequence may be used as correlation 
therebetween. The partial received sequence is obtained by extracting 
from a received sequence a continuous part having a same length as that of 
the first specific sequence. This facilitates correlation calculation and also 
enables mounting of digital circmtry. 

A = 11100010010 and a sequence having each bit of A inverted, i.e., 
B = 00011101101, may be used as the first specific sequence. When Ais 
followed by A, 1, 11, 110, 1101 are partially or entirely used as a 1 to 4-bit 
second specific sequence interposed therebetween; when A is followed by B, 
1, 10, 100, 1001 are partially or entirely used as a 1 to 4-bit second specific 
sequence interposed therebetween; when B is followed by B, 0, 00, 001, 
0010 are partially or entirely used as a 1 to 4-bit second specific sequence 
interposed therebetween; and when B is followed by A, 0, 01, Oil, 0110 are 
partially or entirely used, whereby ten types of information are transmitted. 

A = 1011000 and a sequence having each bit of Ainverted, i.e., B = 
0 100 111, may be used as the first specific sequence. When A is followed 
by A, 1, 11, 111, 1110 are partially or entirely used as a 1 to 4-bit second 
specific sequence interposed therebetween; when A is followed by B, 0, 00, 
000, 0001 are partially or entirely used as a 1 to 4-bit second specific 
sequence interposed therebetween; when B is followed by B, 0, 00, 000, 
0001 are partially or entirely used as a 1 to 4-bit second specific sequence 
interposed therebetween; and when B is followed by A, 1, 11, 111, 1110 are 
partially or entirely used, whereby ten types of information are transmitted. 

These sequences are specifically selected so that the specific 
sequence is advantageously detected from the received sequence based on 
correlation between the partial received sequence and the specific sequence. 
This enables application to arbitration of high-speed serial bus 
communication according to IEEE Std 1394 in which nine types of states 
are transmitted. 

According to another aspect of the present invention, in a data 
communication system for representing data to be transmitted by a time 
interval, and interposing the data represented by the time interval between 
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first specific sequences for transmission between a transmitter and a 
receiver, the first specific sequence has a sharp autocorrelation fiinction, 
and the transmitter includes a converting means for converting the data to 
be transmitted into the time interval, a storage means for storing the first 
specific sequence, and a transmitting means for interposing the thus- 
obtained time interval between the first specific sequences stored in the 
storage means for transmission. The receiver includes a detection signal 
generating means for detecting the first specific sequence in a received 
sequence by detecting whether correlation between a partial received 
sequence and the first specific sequence exceeds a threshold value or not, 
and generating a detection signal at a corresponding timing, the partial 
received sequence being obtained by extracting firom the received sequence 
a continuous part having a same length as that of the first specific 
sequence, and a restoring means for restoring data based on a time interval 
between detection signals firom the detection signal generating means 
minus the length of the first specific sequence. 

According to still another aspect of the present invention, a 
bidirectional data communication system for representing data to be 
transmitted by a time interval, and transmitting in combination the data 
represented by the time interval, a first specific sequence having a sharp 
autocorrelation function, and a second specific sequence having a specific 
relation with the first specific sequence includes two communication paths 
for bidirectional communication. The first specific sequence is used in one 
communication path, and the second specific sequence is used in the other 
communication path. As a result, a reliable bidirectional communication 
system can be configured. 

According to yet another aspect of the present invention, a data 
transmitting device for representing data to be transmitted by a time 
interval and interposing the data represented by the time interval between 
first specific sequences for transmission, the first specific sequence having a 
sharp autocorrelation function, includes: a converting means for converting 
data to be transmitted into the time interval; a storage means for storing 
the first specific sequence; and a transmitting means for interposing the 
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thus-obtained time interval between the first specific sequences stored in 
the storage means for transmission. 

According to a fiirther aspect of the present invention, in a data 
receiving device for receiving a received sequence, the received sequence is 
formed from a time interval representing data to be transmitted and first 
specific sequences interposing the time interval therebetween, and the first 
specific sequence has a sharp autocorrelation function. The data receiving 
device includes a detection signal generating means for detecting the first 
specific sequence in the received sequence by detecting whether correlation 
between a partial received sequence and the first specific sequence exceeds 
a threshold value or not, and generating a detection signal at a 
corresponding timing. The partial received sequence is obtained by 
extracting firom the received sequence a continuous part having a same 
length as that of the first specific sequence. The data receiving device 
further includes a restoring means for restoring data based on a time 
interval between detection signals from the detection signal generating 
means minus the length of the first specific sequence. 

The data receiving device may further include a means for varying 
the threshold value. As a result, when a specific sequence was correctly 
detected in the received sequence, the subsequent specific sequence will not 
be detected at least during a period shorter than the specific sequence 
length by 1 bit. In other words, the probability of detection of a specific 
sequence in the received sequence varies with time since detection of the 
previous specific sequence. Accordingly, the probability of erroneous 
detection of a specific sequence in the received sequence can be reduced. 

The niunber of corresponding bits having a same value minus the 
number of corresponding bits having different values in a partial received 
sequence and the first specific sequence may be used as correlation 
therebetween. The partial received sequence is obtained by extracting 
from the received sequence a continuous part having a same length as that 
of the first specific sequence. A = 11 1000 100 10 and a sequence having 
each bit of Ainverted, i.e., B = 00011101101, maybe used as the first 
specific sequence. When A is foUowed by A, 1, 11, 110, 1101 are partiaUy 
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or entirely used as a 1 to 4-bit second specific sequence interposed 
therebetween; when A is foUowedby B, 1, 10, 100, 1001 are partiaUy or 
entirely used as a 1 to 4-bit second specific sequence interposed 
therebetween; when B is followed by B, 0, 00, 001, 0010 are partiaUy or 
entirely used as a 1 to 4-bit second specific sequence interposed 
therebetween; and when B is foUowed by A, 0, 01, Oil, 0110 are partiaUy or 
entirely used. The threshold value is set to 10 and -10 in a period shorter 
than the length of the first spedfic sequence by 1 bit after generation of the 
detection signal, and is otherwise set to 6 and -6. As a result, accurate 
data communication can be realized as long as any 11-bit sequence 
extracted from the received sequence has an error of 2 bits or less. 

The number of corresponding bits having a same value minus the 
number of corresponding bits having different values in a partial received 
sequence and the first spedfic sequence may be used as correlation 
therebetween. The partial received sequence is obtained by extracting 
from the received sequence a continuous part having a same length as that 
of the first specific sequence. A = 10 1 1000 and a sequence having each bit 
of Ainverted, i.e., B = 0100111, may be used as the first specific sequence. 
When A is foUowedby A, 1, 11, 111, 1110 are used as a 1 to 4-bit second 
specific sequence interposed therebetween; when A is foUowed by B, 0, 00, 
000, 0001 are used as a 1 to 4-bit second specific sequence interposed 
therebetween; when B is foUowed by B, 0, 00, 000, 0001 are used as a 1 to 
4-bit second specific sequence interposed therebetween; and when B is 
foUowedby A, 1, 11, 111, 1110 are used, whereby ten types of information 
are transmitted. The threshold value is set to 6 and -6 in a period shorter 
than the length of the first specific sequence by 1 bit after generation of the 
detection signal, and is otherwise set to 4 and -4. As a result, accurate 
data communication can be realized as long as any 7-bit sequence extracted 
firom the received sequence has an error of 1 bit or less. 

According to a stiU further aspect of the present invention, in a 
bidirectional data communication system induding at least two terminal 
devices connected on a one-to-one basis tiarough a transmission path of a 
single-core optical fiber, for transmitting and receiving data, each of the 
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terminal devices includes a full-duplex encoding means for conducting 
encoding operation in a full-duplex transmission mode in which input 
packet data is always transmitted and received simultaneously, a ha]f- 
duplex encoding means for conducting encoding operation in a half-duplex 
transmission mode in which a transmission direction (transmission and 
reception) of the input packet data is switched with time, a selector for 
selecting an output of the full-duplex encoding mean and an output of the 
half-duplex encoding means, a transmitting means for transmitting an 
output of the selector to one terminal device through the optical fiber, a 
communication control means for switching the selector and applying an 
input arbitration signal and input packet data to the full-duplex encoding 
means and the half-duplex encoding means to control an output to the 
other terminal device, an upper layer for outputting an arbitration signal 
and packet data to the communication control means according to a protocol 
and receiving an arbitration signal and packet data from the 
communication control means, a receiving means for receiving information 
transmitted from the other terminal device through the optical fiber, a full- 
duplex decoding means for decoding an arbitration signal and packet data 
based on the information received by the receiving means for output to the 
communication control means, and a half-duplex decoding means for 
decoding an arbitration signal and packet data based on the information 
received by the receiving means for output to the communication control 
means. Full-duplex communication is used for arbitration of transmission, 
and half-duplex communication is used for data transmission. As a result, 
a bidirectional data communication system for transmitting data while 
suppressing reduction in transmission band without burdening an optical 
system and without increasing the transmission rate can be realized. 

The full-duplex decoding means may have an error correcting 
function that works only in full-duplex transmission, whereby an error rate 
resulting from electromagnetic coupling noise is improved. 

A handled firequency may be reduced by reducing a transmission rate 
only in the fuU-duplex transmission, whereby an error rate is improved. 

In the fuU-duplex transmission, one terminal device may transmit 



- 15- 



continuously or intermittently and the other terminal device may transmit 
intermittently, whereby power consumption for transmission of the 
intermittently transmitting terminal device is reduced. 

The terminal devices may use different hght wavelengths for 
transmission so as to prevent a signal transmitted from the terminal device 
itself from being mixed with a signal received by that terminal device, 
whereby an error rate is improved. 

The terminal devices may use different modulation methods for 
transmission so as to enable full-duplex transmission through a single 
optical fiber. 

The terminal devices enable transmission according to IEEE 1394 on 
the transmission path. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of a bidirectional data communication 
system according to a first embodiment of the present invention. 

Figs. 2 A to 2D are timing charts illustrating operation of the 
bidirectional data communication system in Fig. 1. 

Fig, 3 is a flowchart illustrating operation of switching the 
transmission mode between a full-duplex transmission mode and a half- 
duplex transmission mode in the embodiment of Fig. 1. 

Figs. 4A to 4D are timing chart illustrating operation of the case 
where one terminal device transmits continuously and the other terminal 
device transmits intermittently in the full-duplex transmission mode in a 
second embodiment of the present invention. 

Figs. 5A to 5D are timing charts illustrating operation of the case 
where one terminal device transmits continuously and the other terminal 
device transmits intermittently. 

Fig. 6 shows a transmitted sequence and correlation in a received 
sequence according to a third embodiment of the present invention. 

Fig. 7 is a block diagram showing the structure of a transmitter 
according to the third embodiment of the present invention. 

Fig. 8 is a block diagram showing the structure of a receiver 
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according to the third embodiment of the present invention. 

Figs. 9A to 9E are timing charts illustrating operation of the 
transmitter in Fig. 7. 

Figs. lOA to lOE are timing charts illustrating operation of the 
receiver in Fig. 8. 

Fig. 11 is a block diagram showing the structxire of a transmitter 
according to a fourth embodiment of the present invention. 

Fig. 12 is a block diagram showing the structure of a receiver 
according to the fourth embodiment of the present invention. 

Fig. 13 shows a transmitted code sequence and correlation in a 
received code sequence. 

Fig. 14 is a block diagram showing the structure of a transmitter 
using a data representation method according to a fifth embodiment of the 
present invention. 

Fig. 15 is a block diagram showing the structure of a receiver using 
the data representation method according to the fifth embodiment of the 
present invention. 

Fig, 16 is a block diagram showing the structure of a transmitter 
using a data representation method according to a sixth embodiment of the 
present invention. 

Fig. 17 is a block diagram showing the structure of a receiver using 
the data representation method according to the sixth embodiment of the 
present invention. 

Fig. 18 shows a change in correlation and a corresponding threshold 
value for a given sequence according to the sixth embodiment of the present 
invention. 

Figs. 19A to 19D are timing charts illustrating operation in a 
conventional ftill-duplex transmission method. 

Figs. 20A to 20D are timing charts illustrating operation in a 
conventional half-duplex transmission method. 

Fig. 21 is a block diagram showing the structure of a receiver that is 
applied to conventional data communication in a serial communication 
path. 
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Best Mode for Carrjmig Out the Invention 

Fig. 1 is a block diagram showing the structure of a bidirectional 
data communication system according to a first embodiment of the present 
invention. In Fig. 1, bidirectional transmission devices la, lb are 
connected to each other though an optical fiber 2 as a transmission path, so 
that communication is conducted over the optical fiber 2. Since the 
bidirectional transmission devices la, lb have the same internal structure, 
illustration of the internal structure of one bidirectional transmission 
device lb is omitted. 

The bidirectional transmission device la includes an upper layer 101, 
a communication control section 102, a haH-duplex encoding section 103, a 
full-duplex encoding section 104, a selector 105, a transmitting section 106, 
a receiving section 107, a half-duplex decoding section 108 and a full- 
duplex decoding section 109. An output from the transmitting section 106 
of one bidirectional transmission device la or the other bidirectional 
transmission device lb is transmitted to the receiving section 107 of the 
other bidirectional transmission device lb or la. Note that the output of 
the transmitting section 106 may partially enter the receiving section 107 
of that transmission device itself due to reflection from the end face of the 
optical fiber 2. However, this need not be considered particularly. 

The upper layer 101 outputs an arbitration signal and packet data to 
the communication control section 102 according to a predetermined 
protocol like a signal according to IEEE 1394, and also receives an 
arbitration signal and packet data from the commxroication control section 
102, The communication control section 102 for switching the 
transmission mode between a half-duplex transmission mode and a full- 
duplex transmission mode apphes the arbitration signal and packet data 
received from the upper layer 101 to the half-duplex encoding section 103 
and the full-duplex encoding section 104. The communication control 
section 102 also outputs the current transmission mode to switch the 
output of the selector 105. Moreover, the communication control section 
102 outputs an output control signal for controlling ON/OFF of the output 
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of the transmitting section 106, and receives respective outputs of the half- 
duplex decoding section 108 and the full-duplex decoding section 109. 
Based on the current transmission mode (half-duplex transmission mode or 
full-duplex transmission mode), the communication control section 102 
selects one of those outputs as a received signal, and applies the selected 
output to the upper layer 101. 

The half-duplex encoding section 103 for conducting encoding 
operation in the half-duplex transmission mode encodes the arbitration 
signal and packet data received from the communication control section 102 
by using 4B5B conversion, 8B10B conversion or the Kke for output to the 
selector 105. Not that 4B5B conversion and 8B10B conversion are by way 
of example only, and another encoding method may alternatively be used. 

The full-duplex encoding section 104 conducts encoding operation in 
the full-duplex transmission mode. In other words, the full-duplex 
encoding section 104 encodes the arbitration signal and packet data 
received from the commimication control section 102 by using 4B5B 
conversion, 8B10B conversion or the like, and in some cases, adds an error 
correcting code such as Hamming code and Reed-Solomon code for output to 
the selector 105. Note that 4B5B conversion, 8B10B conversion, Hamming 
code and Reed-Solomon code are by way of example only, and another 
encoding method may alternatively be used. 

Based on the current transmission mode received from the 
communication control section 102, the selector 105 selects either the 
output of the half-duplex encoding section 103 or the output of the full- 
duplex encoding section 104 as an output to the transmitting section 106. 
The transmitting section 106 includes a light-emitting element such as 
light emitting diode (LED) or laser diode (LD), and a driver circuit thereof, 
and if necessary, a modulation circuit. When the output control signal 
from the commimication control section 102, the signal for controlling 
ON/OFF of the output, is ON, the transmitting section 106 modvilates the 
encoded signal from the selector 105 as necessary for output to the optical 
fiber 2. When the output control signal is OFF, the transmitting section 
106 does not output the encoded signal. 



- 19- 



The present embodiment includes a single transmitting section 106. 
However, when different output characteristics are required for the half- 
duplex transmission mode and the fall-duplex transmission mode, separate 
transmitting sections may be provided for the half-duplex transmission 
mode and the fuU-duplex transmission mode. 

The receiving section 107 includes a light-receiving element and a 
receiver circuit thereof, and if necessary, a demodulation circiiit. The 
receiving section 107 receives an optical signal from the optical fiber 2, and 
demodulates the received optical signal as necessary for output to the half- 
duplex decoding section 108 and the fuU-duplex decoding section 109. 
Note that the present embodiment also includes a single receiving section. 
However, when different input characteristics are reqtiired for the half- 
duplex transmission mode and the ftdl-duplex transmission mode, separate 
receiving sections may be provided for the half-duplex transmission mode 
and the full-duplex transmission mode. 

The half-duplex decoding section 108 conducts decoding operation in 
the half-duplex transmission mode. More specifically, the half-duplex 
decoding section 108 decodes the signal received from the receiving section 
107 by using 5B4B conversion, 10B8B conversion or the Hke for output to 
the communication control section 102. Note that 5B4B conversion and 
10B8B conversion are by way of example only, and another decoding 
method may be used as long as it is adapted to the encoding method used in 
the half-duplex encoding section 103. 

The full-duplex decoding section 109 conducts decoding operation in 
the fuU-duplex transmission mode. More spedficaUy, if the signal received 
from the receiving section 107 has an error correcting code such as 
Hamming code or Reed-Solomon code added thereto, the fuU-duplex 
decoding section 109 encodes, after error correction, the signal by using 
5B4B conversion, 10B8B conversion or the like for output to the 
communication control section 102. The Hamming code, Reed-Solomon 
code, 5B4B conversion and 10B8B conversion are by way of example only, 
and another decoding method may be used as long as it is adapted to the 
error correcting code and the encoding method used in the full-duplex 
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encoding section 104. 

Figs. 2 A to 2D illustrate operation of the bidirectional 
communication system in Fig. 1 in the case where a signal according to 
IEEE 1394 is transmitted. In the illustrated example, the terminal device 
A transmits data after outputting REQUEST, as in the above conventional 
examples of the full-duplex transmission method and the half-duplex 
transmission method. 

In Figs. 2A to 2D, DP(F) indicates DATA PREFIX in the fuU-duplex 
transmission mode, DP(H) indicates DATA PREFIX in the half-duplex 
transmission mode, DE(F) indicates DATA END in the full-duplex 
transmission mode, and DEOH) indicates DATA END in the half-duplex 
transmission mode. Figs. 2A to 2D show how the transmitted signal and 
received signal of each terminal device change with time. In Fig. 2 A to 2D, 
time passes from left to right. 

Fig. 2 A shows a signal transmitted from the terminal device A. The 
downward arrows above Fig. 2A indicate that a request to transmit a bus 
arbitration signal and packet data indicated at the bottom of the arrows is 
output from an upper layer of the terminal device A at the corresponding 
timing. Fig. 2B shows a signal received by the terminal device A. This 
signal corresponds to a signal from the terminal device B in Fig. 2C delayed 
by a transmission delay. The downward arrows below Fig. 2B indicate 
that the head of a bus arbitration signal and packet data indicated at the 
top of the arrows is transmitted to the upper layer of the terminal device A 
at the corresponding timing. 

Fig. 2C shows a signal transmitted from the terminal device B. The 
downward arrows above Fig. 2C indicate that a request to transmit a bus 
arbitration signal and packet data indicated at the bottom of the arrows is 
output from an upper layer of the terminal device B at the corresponding 
timing. 

Fig. 2D shows a signal received by the terminal device B. This 
signal corresponds to the signal from the terminal device A in Fig. 2A 
delayed by a transmission delay. The downward arrows below Fig. 2D 
indicate that the head of a bus arbitration signal and packet data indicated 
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at the top of the arrows is transmitted to the upper layer of the terminal 
device B at the corresponding timing. 

Hereinafter, Figs. 2A to 2D will be described in detail in the order of 
time. First, in the initial state (left end), both terminal devices A and B 
transmit IDLE in the full-duplex transmission mode, and an IEEE1394 bus 
is in the IDLE state. 

When the upper layer of the terminal device A outputs a request to 
start packet data transmission (REQUEST<le>), the terminal device A 
transmits REQUEST<2e> in the full-duplex transmission mode. When 
the terminal device B receives REQUEST<3e> from the terminal device A, 
REQUEST<4e> is transmitted to the upper layer of the terminal device B. 
In the case where the upper layer of the terminal device B serves to grant 
permission to transmit (GRANT) in response to REQUEST<4e> from the 
terminal device A, the upper layer of the terminal device B outputs 
GRANT<le>, and the terminal device B transmits GRANT<2e> in the full- 
duplex transmission mode. When the terminal device A receives 
GRANT<3e> from the terminal device B, GRANT<4e> is transmitted to the 
upper layer of the terminal device A. 

Since the upper layer of the terminal device A receives GRANT<4e> 
in response to REQUEST<le> transmitted from the upper layer itself, the 
upper layer of the terminal device A changes REQUEST<2e> to a data 
prefix signal (DATA PREFIX<le>), whereby the terminal device A 
transmits DATA PREFIX<2e> in the fiill-duplex transmission mode. 
When the terminal device B receives DATA PREFIX<3e> transmitted from 
the terminal device A in the full-duplex tremsmission mode, DATA 
PREFIX<4e> is transmitted to the upper layer of the terminal device B. 
The upper layer of the terminal device B responsively outputs IDLE<le>. 
This IDLE<le> means the packet data receiving mode. The termiaal 
device B thus discontinues transmission in preparation for the packet data 
transmitted from the terminal device A in the half-duplex transmission 
mode. 

After the terminal device A transmits DATA PREFIX<2e> in the fuU- 
duplex transmission mode for a prescribed time, the transmission mode is 
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shifted to the half-duplex transmission mode, and the terminal device A 
transmits DATA PREFIX<5e> in the half-duplex transmission mode. 
Since the transmission mode is shifted to the half-duplex transmission 
mode, IDLE which is supposed to be transmitted from the terminal device 
B according to IEEE 1394 is not transmitted. Therefore, the terminal 
device A transmits IDLE<2e> to the upper layer thereof on the assumption 
that IDLE is transmitted. 

After transmitting DATA PREFIX<5e> in the half-duplex 
transmission mode for a prescribed time, the terminal device A transmits 
the packet data (PATA<le>) output from tiie upper layer thereof. The 
upper layer further outputs a data postfix signal (DATA END<le>) before 
the packet data transmission is completed. Ther^ore, after DATA 
END<2e> is transmitted in the half-duplex transmission mode for a 
prescribed time, the transmission mode is shifted to the full-duplex 
transmission mode, and DATA END<5e> is transroitted in the full-duplex 
transmission mode for a fixed time. 

The terminal device B receives DATA PREFIX<3e> transmitted in 
the full-duplex transmission mode as weU as DATA PREFIX<6e>, 
DATA<3e> and DATA END<3d> transmitted in the haK-duplex 
transmission mode, and transmits packet data (DATA<4e>) and DATA 
END<4e> to the upper layer thereof. Reception of DATA END<3e> in the 
half- duplex transmission mode indicates shifting to the full-duplex 
transmission mode. The terminal device B thus starts transmitting 
IDLE<3e> in the fuU-duplex transmission mode. 

After transmitting DATA END<5e> in the fuU-duplex transmission 
mode, the terminal device A transmits IDLE<4e> output from the upper 
layer in the fuU-duplex transmission mode. By the above processing, both 
terminal devices A and B transmit IDLE<3e> and <6e> in the full-duplex 
transmission mode, whereby the IEEE1394 bus retvims to the IDLE state. 

In the full-duplex transmission mode, the received signal has a 
degraded error rate for the following reasons: the fight transmitted from 
the terminal is reflected back from the end face of the optical fiber; and 
noise is introduced due to electromagnetic coupling between a driver and a 
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receiver that must be arranged close to each other. Therefore, an error 
correcting code or the like is used to improve the error rate. For example, 
the use of a Hamming code enables error correction within 1 bit of 3-bit 
received data if a 3-bit error correcting code is added to 4-bit transmission 
data. A(^ding an error correcting code or the like reduces a substantial 
transmission rate, but only about by half. Therefore, such reduction in 
substantial transmission rate is less problematic when the full-duplex 
transmission mode is used only for transmission of an arbitration signal 
rather than transmission of data. 

Another method to improve such degradation in error rate resulting 
from the reflected light from the end face of the optical fiber and the 
electromagnetic noise introduced from the transmitting section to the 
receiving section is for each connected terminal device to use a different 
modulation method for transmission and include a receiving section 
adapted to the modulation method of the other terminal device. Any 
combination of modulation methods may be used as long as an optical 
signal transmitted from one terminal device can be separated from that 
transmitted from the other terminal device. For example, an ASK 
modulation method may be used for the signal transmitted from each 
terminal device. In this case, each terminal device uses a different carrier 
frequency in ASK modulation. 

One method to improve degradation in error rate resxilting from the 
reflected light from the end face of the optical fiber is to prevent each 
terminal device from receiving reflection of the hght transmitted therefrom. 
This is implemented as follows: by the communication control section 102, 
each connected terminal device is controlled to transmit Hght at a different 
wavelength so that it can selectively receive only the wavelength of the 
hght transmitted from the other terminal device. A wavelength to be used 
must be adapted to the characteristics of an optical fiber used as a 
transmission path. For example, in the case of a plastic optical fiber based 
on polymethyl methacrylate, red (wavelength: around 650 nm) and yeUow 
green (wavelength: around 570 nm) may be used. 

One method to improve degradation in error rate resulting from the 
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electromagnetic noise is to reduce the transmission rate only in the full- 
duplex transmission mode by using the communication control section 102. 
In this method, the frequency of a transmission signal is reduced since the 
influence of the electromagnetic noise is increased as the handled frequency 
is increased. Each of the above methods to improve the error rate may 
either be used alone or in combination. 

In the half-duplex transmission mode, transmission can not always 
be started, resulting in an increased transmission delay. However, since a 
reduced transmission rate is used only for the data transmission after 
arbitration using the full-duplex transmission mode. Therefore, the 
transmission delay will not be increased. 

Fig. 3 is a flowchart illustrating an example of mode selection 
operation used in the transmission of a signal according to IEEE 1394. 
The flow of Fig. 3 starts as soon as transmission is started. In step SI (in 
the figure, "step" is simply referred to "S"), the transmission mode is set to 
the half-duplex transmission mode, and the flow proceeds to step S2. In 
step S2, initial negotiation is conducted. In the case where the fuU-duplex 
mode is implemented by using multiple hght wavelengths or different 
modulation methods for transmission from the terminal devices, which 
terminal device uses which light wavelength or which modulation method 
is determined in the initial negotiation. In the case of IEEE 1394 
transmission, the parent-child relation between the terminal devices is 
determined at the Tree Identify phase using the half-duplex transmission 
mode. Therefore, by predetermining the respective light wavelengths or 
modulation methods to be used by the parent and child terminal devices, 
the light wavelength or modulation method to be used by each terminal 
device can be determined. When the determination is completed, the flow 
proceeds to step S3. 

In step S3, the transmission mode is switched to the fuU-duplex 
transmission mode using the Hght wavelength or the modulation method 
determined in step S2, and the flow proceeds to step S4. In step s4, it is 
determined whether or not DATA PREFIX was transmitted or received in 
the fuU-duplex transmission mode. If DATA PREFIX was transmitted or 
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received, the flow proceeds to step S5. Otherwise, step S4 is repeated. 

In step S5, the transmission mode is shifted to the half-duplex 
transmission mode, and the flow proceeds to step S6. In step S6, it is 
determined whether or not DATA END was transmitted or received in the 
half-duplex transmission mode. If DATA END was transmitted or 
received, the flow returns to step S3. Otherwise, step S6 is repeated. 

Hereinafter, a second embodiment will be described. In the fixst 
embodiment, only the output of the transmitting section 106 in Fig. 1 is 
switched ON/OFF by a current transmission mode. As in the second 
embodiment, however, every part that is not required in each transmission 
mode may be switched ON/OFF. Moreover, by causing one or both of the 
terminal devices to intermittently transmit in the full-duplex transmission 
mode, power consumption of the intermittently transmitting terminal 
device(s) can be reduced. This is particularly effective when the 
intermittently transmitting terminal device(s) is a mobile phone. 

Figs. 4A to 4D are timing charts showing an example in which one 
terminal device transmits continuously and the other terminal device 
transmits intermittently. In the example of Figs. 4A to 4D, a signal 
according to IEEE 1394 is transmitted, and the communication contents are 
the same as those in Figs. 2A to 2D. In Figs. 4A to 4D, I indicates a part of 
IDLE, RQ indicates REQUEST, DP(F) indicates DATA PREFIX in the fuU- 
duplex transmission mode, DP(H) indicates DATA PREFIX in the haK- 
duplex transmission mode, DE(H) indicates DATA END in the half-duplex 
transmission mode, and DE(F) indicates DATA END in the full-duplex 
transmission mode. 

The terminal device A shown in Figs. 4A and 4B is a child terminal 
device, and the terminal device B shown in Figs. 4C and 4D is a parent 
terminal device. In the full-duplex transmission mode, the parent 
terminal device B transmits continuously as shown in Fig. 4C, whereas the 
child terminal device A transmits at regular intervals t and every time a 
signal to be transmitted is changed, as shown in Fig. 4A. Power saving is 
thus achieved for transmission. The child terminal device A transmits at 
regular intervals t even when a signal to be transmitted is not changed. 
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As a result, even if the child terminal device is stopped for some reason, the 
parent terminal device can detect such stopping of the child terminal device. 
In this example, only the child terminal device transmits intermittently as 
shown in Fig. 4A. However, the parent terminal device may also transmit 
intermittently like the child terminal device. In this case, both tenmnal 
devices may transmit at common regular intervals t, or may transmit at 
different regular intervals. 

Figs. 5A to 5D are timing charts showing another example in which 
one terminal transmits intermittently. In this example, a signal to be 
output from both terminal devices in the full-duplex transmission mode 
remains IDLE. In the case, where an IEEE 1394 bus is less frequently used, 
a signal to be transmitted, i.e., a signal according to IEEE1394, remains 
IDLE as shown in Figs. 5A to 5D. In this example as weU, the terminal 
device A is a child terminal device, and the terminal device B is a parent 
terminal device. The parent terminal device B transmits continuously as 
shown in Fig. 5C. In addition to normal IDLE, the parent terminal device 
B sometimes transmits a signal IDLE' requesting response from the child 
terminal device. As shown in Fig. 5A, the child terminal device A returns 
IDLE only when it receives IDLE' from the terminal device B. In this 
example, the child terminal device transmits intermittently and the parent 
terminal device transmits continuously. Alternatively, the parent 
terminal device may transmit intermittently and the child terminal device 
may transmit continuously. 

The example in which one terminal device transmits continuously 
and the other terminal device transmits intermittently may be 
implemented either by one or both of the method of Figs. 4A to 4D and the 
method of Figs. 5A to 5D. 

As described above, according to the present embodiment, data 
transmission can be conducted while suppressing reduction in transmission 
band without burdening the optical system and without increasing the 
Ixansmission rate. 

Hereinafter, a communication method suitable for accurately 
transmitting a symbol through a communication path in which an error is 
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generated, particularly when there are only a small number of tjrpes of 
symbols will be described as a third embodiment. 

Fig. 6 shows a transmitted sequence and correlation in a received 
sequence in the third embodiment of the present invention. In Fig. 6, the 
third embodiment of the present invention is characterized by using a 
communication method in which data (symbol) to be transmitted is 
represented by the length of a time interval inserted between specific 
sequences. In this communication method, a time interval between 
specific sequences that represents a sjnnbol to be transmitted can be 
detected by calculating correlation between a partial received sequence 
extracted from a received sequence in a receiver and a specific sequence. 
More specifically, as shown in Fig. 6, whether a correlation value exceeds a 
threshold value or not is determined. A time interval representing a 
symbol can be detected from the time interval between detection signals 
generated in response to detection of a specific sequence from the received 
sequence. By selecting an appropriate threshold value, accurate, 
synchronous communication can be conducted even in a communication 
path having a high error-generation rate. 

Moreover, unlike the case where the method described in the above 
Japanese Laid-Open Publication No. 8-130526 is apphed, a plurality of 
pattern determination units are not required, enabling data communication 
with a smaller configuration. Moreover, by representing a frequently 
appearing symbol by a short time interval, the data transmission rate can 
be improved. 

Hereinafter, an embodiment to which this communication method is 
applied will be described. Note that, in the following example, a system 
for conducting bidirectional full-duplex transmission based on a single 
waveform by using a single-core optical fiber is appHed to transmission of 
an arbitration signal of IEEE Std 1394. Dviring an arbitration period of 
IEEE Std 1394, the terminal devices transmit nine types of states to each 
other. In other words, there are nine types of symbols. Accordingly, it is 
herein assumed that each state data is represented by a gap of 0 to 8 bits. 

After arbitration is completed and data transmission is started, data 
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transmission may be conducted by using a common coding method, e.g., 
NRZ. Since the data is transmitted in one direction, that is, the half- 
duplex communication, the error rate can be easily improved by using the 
optical system in an ingenious manner. In this example, a detection signal 
is generated when correlation between a specific sequence and a partial 
received sequence exceeds a threshold value. However, a detection signal 
may be generated when correlation is lower than the threshold value. 

Fig. 7 is a block diagram showing an example of a transmitter used 
in the third embodiment of the present invention. In Fig. 7, the 
transmitter includes an encoder 11, a control section 12, a specific sequence 
generator 13, and a transmitting section 14. The encoder 11 converts the 
state received from the upper layer into time interval for output to the 
control section 12. The control section 12 measures the time until the gap 
matches the time interval, and then appHes to the specific sequence 
generator 13 the timing of transmitting a specific sequence. The specific 
sequence generator 13 generates a specific sequence at the timing 
designated by the control section 12 for output to the transmitting section 
14. The transmitting section 14 transmits the specific sequence received 
from the specific sequence generator 13 on a bit-by-bit basis according to a 
prescribed clock. 

Fig. 8 is a block diagram showing a receiver used in the third 
embodiment of the present invention. In Fig. 8, the receiver includes a 
receiving section 21, a received sequence storage section 22, a correlator 23, 
a counter 24 and a decoder 25. The receiving section 21 receives the data 
from the transmitter of Fig. 7 on a bit-by-bit basis, and sequentially appMes 
the received data to the received sequence storage section 22 on a bit-by-bit 
basis. The received sequence storage section 22 adds 1 bit received from 
the receiving section 21 to the received sequence, stores the most recent 
sequence by the same length as that of the specific sequence, and applies 
the stored sequence to the correlator 23 as a partial received sequence. 

The correlator 23 calculates correlation between the partial received 
sequence from the received sequence storage section 22 and the specific 
sequence. If the correlation exceeds a preset threshold value, the 
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correlator 23 outputs a detection signal to the counter 24. The counter 24 
measures the time interval during which it receives no detection signal 
from the correlator 23. In response to the detection signal, the counter 24 
applies to the decoder 25 a counter value indicating the time interval 
between the detection signals. The decoder 25 determines the state from 
the counter value received from the counter 24, and applies the determined 
state to the upper layer. 

Note that if the detection signal is generated at time intervals 
shorter than the specific sequence, and if no detection signal is generated 
over the time longer than the sum of the specific sequence and the longest 
gap sequence, an error may be transmitted to the upper layer. In this case, 
the previous state may alternatively be transmitted to the upper state 
instead of the error. 

Hereinafter, an example of the present embodiment in which an 11- 
bit sequence is used as a specific sequence and the values 4, 2, 0 are 
sequentially transmitted after the start of communication will be described 
specifically. 

Figs. 9A to 9E are timing charts iEustrating operation of the 
transmitter shown in Fig. 7. It is herein assumed that the transmitting 
section 14 sequentially transmits the bits received from the specific 
sequence generator 3 according to a clock. In Figs. 9B and 9C, X indicates 
an indeterminate value. A dashed hne in a transmitted sequence code of 
Fig. 9E indicates a period during which nothing is transmitted firom the 
transmitter, and indicates that the value is indeterminate. The 
transmitter operates according to the following procedures. 

(i) It is herein assumed that the specific sequence code generator 13 
outputs a specific sequence code and the control section 12 measures the 
time elapsed from the start of outputting the specific sequence code. It is 
also assumed that the specific sequence code generator 13 sequentially 
transmits the specific sequence code to the transmitting section 14 on a bit- 
by-bit basis. In response to the first data value "4" from the upper layer, 
the encoder 11 appHes to the control section 12 an output interval value 
"14'' indicating the timing of outputting a specific sequence corresponding 
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to that data value. As soon as the counter value reaches "10", the control 
section 12 fetches the output interval value. The fact that the counter 
value reaches "10" herein means that the specific sequence code generator 
13 finishes outputting the specific sequence code. 

(ii) When the counter value of the control section 12 matches the 
output interval value "14" as shown in Fig. 9C, the contcol section 12 
apphes a control signal to the specific sequence code generator 13 and 
simultaneously resets the value of the counter 24. The control section 12 
again starts measuring the time firom that moment. In response to the 
control signal, the specific sequence code generator 13 sequentially applies 
the specific sequence to the transmitting section 14 on a bit-by-bit basis; 

(ui) As soon as the counter value of the control section 12 reaches 
"10", the control section 12 fetdies the output interval value "12" 
corresponding to the subsequent transmitted data value "2". 

(iv) As in step (ii), transmission of a corresponding specific sequence 
is started at the timing the counter value of the control signal 12 matches 
the output terminal value "12". As in step (ui), as soon as the counter 
value of the control section 12 reaches "10", the control section 12 fetches 
the output interval value "10" corresponding to the subsequent transmitted 
value "0". 

(v) Thereafter, as in step (iv), steps (ii) and (iii) are repeated for the 
output interval value corresponding to the subsequent transmitted value, 
whereby data is transmitted continuously. 

Figs. lOA to lOE are timing charts illustrating operation of the 
receiver in Fig. 8. It is herein assumed that the received sequence storage 
section 22 in Fig. 8 receives the data on a bit-by-bit basis and thus stores 
the most recent partial received sequence therein. 

(i) As shown in Fig. lOA, the received sequence storage section 22 
receives data firom the empty state until the received data has the same 
length as that of the spedfic sequence code length. Thereafter, the 
received sequence storage section 22 appHes a partial received sequence to 
the correlator 23 every time it receives 1 bit. As shown in FIG. lOB, the 
correlator 23 calculates correlation between the partial received sequence 
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and the specific sequence. If the correlation exceeds a threshold value, the 
correlator 23 outputs a detection signal to the counter 24 as shown in Fig. 
IOC. In response to the detection signal, the counter 24 resets the coxmter 
value as shown in Fig. lOD, and starts measuring the time from that 
moment. 

(ii) When the correlator 23 subsequently determines tiiat the 
correlation exceeds the threshold value and outputs a detection signal to 
the covmter 24, the coimter 24 applies the counter value "14" to the decoder 
25, and starts measuring the time again from that moment. In response to 
the coxmter value "14" from the counter 24, the decoder 25 applies the data 
value %" corresponding to that time interval to the upper layer. 

(iii) When the correlator 23 determines that the correlation value 
again exceeds the threshold value, the data value "2" calculated from the 
counter value "12" of the covmter 24 is appHed to the upper layer as in step 

(ii). 

(iv) Thereafter, step (ii) is repeated. Thus, every time the correlator 
23 generates a detection signal, the data value is calculated from the 
counter value, whereby the data value is continuously appHed to the upper 
layer. 

Hereinafter, a fourth embodiment will be described. In the fourth 
embodiment, a Barker sequence is used as a specific sequence code in order 
to further reduce erroneous determination caused by random bit errors in a 
received sequence code as compared to the third embodiment. Moreover, 
the transmitter has a function to transmit a specific sequence in a gap, and 
the receiver has a function to adaptively vary a threshold value. 

Since a specific sequence must be accurately detected in a received 
sequence, a specific sequence must correlate poorly with a rotated sequence 
thereof. More specifically, a sequence having a sharp autocorrelation 
function must be used as a specific sequence. Therefore, the Barker 
sequence having such a property is herein used as a specific sequence. A 
pseudo-noise sequence (PN sequence) may alternatively be used as a 

specific sequence. 

Except for case where a partial received sequence in a received 
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sequence is equal to a Barker sequence, a gap sequence is selected so that a 
partial received sequence correlates poorly with a Barker sequence. As a 
result, the probabihty that an erroneous detection signal is generated due 
to a random bit error in the received sequence can be reduced as compared 
to the case where nothing is transmitted in a gap. Moreover, the fact that 
the two values of a single binary data sequence appear at equal frequency, 
that is, DC balance is maintained, is advantageous for various traffics 
including an optical fiber. Accordingly, a sequence having a small 
difference in frequency of appearance between the two values may be 
selected as a gap sequence. 

Fig. 11 is a block diagram showing the structure of a transmitter 
according to the fourth embodiment of the present invention . In Fig. 1 1 , 
the transmitter includes an encoder 11a, a control section 12a, a Barker 
sequence generator 13a, a transmitting section 14, a gap sequence 
generator 15a, and a selector 16. The selector 16 selects either a gap 
sequence from the gap sequence generator 15a or a Barker sequence from 
the Barker sequence generator 13a according to a control signal from the 
control section 12 a. 

Fig. 12 is a block diagram showing the structure of a receiver 
according to the fourth embodiment of the present iavention. In addition 
to the structure of the receiver in Fig. 8, the receiver in Fig. 12 further 
includes a threshold setting unit 26a for setting, with reference to a counter 
value of the counter 24a, a threshold value that is used by the correlator 
23a to detect a Barker sequence. 

Provided that a Barker sequence was correctly detected in the 
receiver of Fig. 12, the subsequent Barker sequence will not be detected in 
a period shorter than the Barker sequence length by 1 bit after the former 
Barker sequence was detected. Accordingly, in this period, the probabihty 
that a detection signal is erroneously generated can be reduced by setting 
the threshold value to a higher value by the threshold setting unit 26a. In 
the remaining period, the probability that no detection signal is generated 
erroneously can be reduced by setting the threshold value to a lower value. 
In the case where the previous detection signal was erroneously 
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generated, the subsequent detection signal can be generated correctly by 
the following method: by using the threshold setting unit 26a, the threshold 
value is set to a higher value or to such a value that enables detection of a 
Barker sequence in the period shorter than the Barker sequence length by 
1 bit after detection of the previous Barker sequence. 

Note that, in the case where bidirectional fuU-duplex communication 
is conducted through a single-core optical fiber using a single waveform, an 
error may possibly be generated due to the influence of one communication 
path on the other. Therefore, using different sequences as the specific 
sequences in the communication paths rather than using the same 
sequence is advantageous to reduce the rate of erroneous determination of 
the data. A specific Barker sequence has the lowest correlation with an 
inverted sequence thereof. Therefore, in the fourth embodiment, it is also 
possible to use a Barker sequence as a specific sequence in one 
communication path and to use an inverted sequence thereof as a specific 
sequence in the other communication path. 

Moreover, by representing the data by combination of a gap length 
and an inverted state of a Barker sequence in the fourth embodiment, the 
maximum gap length required to transmit a single symbol is reduced as 
compared to the third and fourth embodiments, enabling an increased data 
transmission rate. 

Fig. 13 shows a transmitted sequence and correlation in a received 
sequence in the fo\irth embodiment of the present invention. Fig. 13 
shows a queue state that is transmitted for IEEE 1394 arbitration by using 
an inverted state of a Barker sequence and a gap interval of 0 to 4 bits. As 
shown in Fig. 13, the time interval between Barker sequences and 
inversion/non-inversion of each Barker sequence can be detected by 
comparing correlation between a partial received sequence and a subject 
Barker sequence with a threshold value. 

The Barker sequence has the following two inverted states: inverted 
and non-inverted states, which is equivalent to representation by 1 bit. 
Such representation can be realized by the following methods: 

(A) The two states of a detected detection signal, +1 and -1, are 
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represented on a binary basis; and 

(B) Whether the value of a detected detection signal is equal to that 
of the previous detection signal or not is represented on a binary basis. 

Fig. 14 is a block diagram showing a transmitter in the method (A), 
and Fig. 15 is a block diagram showing a receiver in the method (A). 

In Fig. 14, the transmitter additionally includes an inversion contarol 
section 17b for controlling inversion of the respective outputs of the gap 
sequence generator 15b and the Barker sequence generator 13b based on a 
control signal from the encoder 1 lb. The structxure of the transmitter is 
otherwise the same as that of Fig. 11. 

The receiver of Fig. 15 includes as a correlator 23b an additional 
function to transmit a detection signal value to the decoder 25b. 

Fig. 16 is a block diagram showing a transmitter in the method (B), 
and Fig. 17 is a block diagram showing a receiver in the method (B). As 
shown in Fig. 16, the transmitter additionally includes a previous inverted 
state storage and inversion control section 17c for storing the inverted state 
of the previous Barker sequence and controlling inversion of the respective 
outputs of the gap sequence generator 15c and the Barker sequence 
generator 13c. The structure of the transmitter is otherwise the same as 
that in Fig. 11. 

The receiver of Fig. 17 additionally includes a previous detection 
signal value storage section 27 for storing the value of the previous 
detection signal, and also includes as a correlator 23c an additional 
function to apply a detection signal value to the decoder 25c and the 
previous detection signal value storage section 27. 

As is apparent from the comparison between Figs. 14 and 16 and 
between Figs. 15 and 17, the circuit structure in the method (A) is simpler 
than that in the method (B). However, the method (B) makes it possible 
for the bits "1" and "0" in a transmission sequence to appear with equal 
probability. Therefore, the method (B) is advantageous over the method 
(A) for optical fiber communication or the Hke. 

Hereinafter, specific description wiQ be given for a Barker sequence 
and a gap sequence, a correlation calculation method, and procedures for 
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adaptively varying a threshold value, which are applied particularly in the 

method (B) in order to accurately transmit an arbitration state in a 

communication path in which an error is generated, 

(1) Barker sequence and gap sequence to be apphed: 

A Barker sequence to be applied as a specific sequence is A = 

11100010010 and an inverted sequence thereof, i.e., B = 00011101101. 

For this Barker sequence, the following sequence is used as a gap sequence 

that causes poor correlation except when the Barker sequence is detected in 

the received sequence: 

(a) When A is followed by A, 1, 11, 110, 1101 are respectively used as 
a 1 to 4-bit gap sequence interposed therebetween; 

(b) When A is followed by B, 1, 10, 100, 1001 are respectively used as 
a 1 to 4-bit gap sequence interposed therebetween; 

(c) When B is followed by B, 0, 00, 001, 0010 are respectively used as 
a 1 to 4-bit gap sequence interposed therebetween; and 

(d) When B is followed by A, 0, 01, Oil, 0110 are respectively used as 
a 1 to 4-bit gap sequence interposed therebetween. 

This will now be described in more detail with reference to Fig. 15. 
The received sequence storage section 22 holds a received sequence having 
an 11-bit Barker sequence length through the receiving section 21. The 
correlator 23b calculates correlation between the Barker sequence and a 
sequence of interest to detect a Barker sequence and an inverted state 
thereof. The counter 24b counts the detection interval of the Barker 
sequence. Since the Barker sequence length is 11 bits, the decoder 25b 
decodes a symbol by using the detection interval of the Barker sequence 
received from the counter 24b minus 11 bits and the inverted state of the 
Barker sequence received from the correlator 23b, 

Note that the specific sequence and the gap sequence are not limited 
to those described above. Any specific sequence and gap sequence may be 
used as long as a partial received sequence including the gap sequence 
correlates poorly with the specific sequence and the difference in fi:equency 
of appearance between and "0'' satisfies the requirement for a 
communication path, A longer specific sequence may be used in a 
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communication path haviag a high error-generation rate. 

In nine often types of combinations of two Barker sequences and a , 
gap sequence inserted therebetween, the difference in frequency of 
appearance between "0" and "I" within each combination is within 1. In 
the remaining one type of combination, the difference in frequency of 
appearance between "0" and "1" is 2. Therefore, these combinations are 
suitable for optical fiber communication. If a combination having every bit 
"0" and "1" inverted is equal to another combination, these combinations 
represent the same data. 

In order to simplify the drcuit of the transmitter for generating a gap 
sequence, the same sequence as that of (a) may be applied as a gap 
sequence used in (b). Alternatively, the same sequence as tiiat of (c) may 
be applied as a gap sequence used in (d). 

(2) Correlation calculation method and procedures for adaptively 
varying a threshold value: 

The number of corresponding bits having the same value minus the 
number of corresponding bits having different values in a partial received 
sequence and a Barker sequence is used as correlation therebetween. By 
using this correlation calculation method, the threshold value used in the 
receiving device is set to 10 and -10 in the period shorter than the Barker 
sequence length by 1 bit after generation of a detection signal, and is 
otherwise set to 6 and -6. 

Fig. 18 shows a change in correlation and a corresponding threshold 
value for a given sequence. When the above Barker sequence and gap 
sequence are used, correlation of an error-free transmitted sequence can be 
defined as the range shown in Fig. 18. By varying the threshold value by 
the method described in (2), the threshold value is set to the value shown in 
Fig. 18 relative to the correlation of the error-free sequence. 

The correlation value varies by 2 every time a 1-bit error is 
generated. Therefore, when a 2-bit error is generated, the correlation 
value varies by 4. Accordingly, by varying the threshold as described 
above, a detection signal can be prevented from being generated 
erroneously or not being generated erroneously even if any 11-bit sequence 
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extracted from the received sequence has an error of 2 bits or less. Even 
when the threshold value is set to a higher value, it is possible to detect an 
error-free Barker sequence. Accordingly, even if a detection signal is 
erroneously generated, the subsequent detection signal can be generated 
correctly. 

In addition to the above ideas (1) and (2), the following ideas can 
further be appHed for mounting of the circuitry: (3) allocation of a spedfic 
data sequence to a preamble; and (4) pipelining of a correlation detection 
drcuit. 

(3) Allocation of a ^edfic data sequence to a preamble: 
Nine types of states are transmitted in arbitration of IEEE Std 1394. 
Therefore, in the data communication method of the present embodiment 
capable of transmitting ten types of symbols, a single type of symbol is not 
used. Accordingly, this type of data sequence that is not used in 
arbitration is used as a preamble that is transmitted before arbitration of 
IEEE Std 1394 is started. The preamble is transmitted in order to 
stabilize a transmitting/receiving circuit. 

In this case, as a data sequence used as a preamble, Barker 
sequences having the same inverted state are successively transmitted 
without a gap. This data sequence is a combination whose difference in 
frequency of appearance between "0" and "1" is 2, and therefore is not 
suitable for normal state transmission. Therefore, this data sequence is 
used as a preamble. 

In this case, at the timing a preamble may be transmitted, that is, in 
the period before full-duplex communication is started, the threshold value 
of correlation between a partial received sequence and a Barker sequence is 

set to +6, -6. 

(4) Pipelining of a correlation detection dxcuit: 
The correlation detection circuit detects a Barker sequence by 
comparing correlation with the threshold value every time it receives 1 bit 
of the received sequence. Moreover, the threshold value is varied based on 
the detection result. These two operations are divided into two serial 
processing stages for pipelining. More specifically, the step of comparing 
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correlation with the threshold value and the step of varjdng the threshold 
value based on the detection result are conducted in parallel. As a result, 
these steps can be separately conducted within a period of 2 bits. This 
reduces the requirement for the processing speed of the circuit for 
conducting the steps of comparing correlation with the threshold value and 
varjong the threshold value based on the detection result. 

By such pipelining, the delay from the input is applied until the 
detection signal is output corresponds to 2 bits. Accordingly, the threshold 
value cannot be varied right after the Barker sequence is received, but is 
varied after the delay of 2 bits. Based on (1), correlation between the 
partial received sequence and the Barker sequence is poor during 2 bits 
after generation of the detection signal, as shown in Fig. 18. Therefore, 
the threshold value may be increased after 2 bits rather than right after 
generation of the detection signal. In this case as well, communication can 
be conducted accurately even if any 2-bit error is generated in successive 11 
bits. 

The use of the above communication method enables accurate 
communication even if any 2-bit error is generated in successive 1 1 bits in 
the received sequence. If the error rate is lower than that, a sequence 
shorter than the Barker sequence used in the above embodiment may be 
used as a specific sequence in order to improve the data transmission rate. 

In this embodiment, in order to accurately conduct communication 
even if any 1-bit error is generated in successive 7 bits in the received 
sequence, the same ideas as those in the above embodiment can be applied 
using a 7-bit Barker sequence as a specific sequence. 

Hereinafter, (1) barker sequence and gap sequence to be applied and 
(2) procedures for adaptively varjdng a threshold value will be described, 

(1) Barker sequence and gap sequence to be applied: 

A Barker sequence to be applied as a specific sequence is A = 
1011000 and an inverted sequence thereof, i.e., B = 0100111. For this 
Barker sequence, the following sequence is used as a gap sequence that 
causes poor correlation except when the Barker sequence is detected in the 
received sequence: 
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(a) Wlien A is followed by A, 1, 11, 111, 1110 are respectively used as 
a 1 to 4-bit gap sequence interposed therebetween; 

(b) When A is followed by B, 0, 00, 000, 0001 are respectively used as 
a 1 to 4-bit gap sequence interposed therebetween; 

(c) When B is followed by B, 0, 00, 000, 0001 are respectively used as 
a 1 to 4-bit gap sequence interposed therebetween; and 

(d) When B is followed by A, 1, 11, 111, 1110 are respectively used as 
a 1 to 4-bit gap sequence interposed therebetween. 

This will now be described in more detail with reference to Fig. 15. 
The received sequence storage section 22 holds a received sequence having 
a 7-bit Barker sequence length through the receiving section 21. The 
correlator 23c calculates correlation between the Barker sequence and a 
sequence of interest to detect a Barker sequence and an inverted state 
thereof. The counter 24c counts the detection interval of the Barker 
sequence. Since the Barker sequence length is 7 bits, the decoder 25c 
decodes a symbol by using the detection interval of the Barker sequence 
received from the counter 24c minus 7 bits and the inverted state of the 
Barker sequence received from the correlator 23c. 

(2) Procedures for adaptively varying a threshold value: 

A threshold value used in the receiving device is set to 6 and -6 in 
the period shorter than the Barker sequence length by 1 bit after 
generation of a detection signal, and is otherwise set to 4 and -4. In the 
preamble period, the threshold value is set to 4 and -4. 

As described above, according to the embodiments of the present 
invention, accurate communication can be realized as a commxxnication 
method in a serial communication path with a high error-generation rate 
without requiring a separate synchronization mechanism. Therefore, the 
receiver for receiving the data can be reduced in size. Moreover, since a 
Barker sequence or PN sequence having a spread frequency spectrum is 
used as a specific sequence, electromagnetic noise generated during 
communication will hardly affect other equipment. 

Moreover, the embodiments of the present invention are particularly 
usefid when there are only a small number of types of symbols to be 
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transmitted. Therefore, the embodiments of the present invention are 
suitable for arbitration of IEEE Std 1394 conducted by transmitting nine 
types of states between devices. In other words, according to the 
embodiments of the present invention, arbitration can be conducted in the 
fuU-duplex bidirectional communication having a high error-generation 
rate in a communication path without using an extremely expensive 
apparatus. As a result, high-speed serial bus communication according to 
IEEE Std 1394 can be implemented by using a single waveform and a 
single-core optical fiber. 

Industrial Apphcabihty 

In order to implement bidirectional transmission by using a single- 
core optical fiber, the present invention is apphed to a bidirectional data 
communication system for transmitting an arbitration signal in a fuU- 
duplex transmission mode including an error correcting function and 
transmitting data packets in a half-duplex transmission mode. 
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CLAIMS 



1. A data communication method, wherein data to be transmitted is 
represented by a time interval, and said data represented by the time 
interval is interposed between first specific sequences for transmission, said 
first specific sequence having a sharp autocorrelation fiinction. 

2. The data communication method according to claim 1, wherein 
said first specific sequence having a sharp autocorrelation fimction and a 
second specific sequence having a specific relation with said first specific 
sequence are used as a sequence of said data represented by the time 
interval. 

3. The data communication method according to claim 1, wherein a 
binary sequence is used as said fiirst specific sequence and said second 
specific sequence, and said time interval is set on a bit basis. 

4. The data communication method according to claim 1, wherein a 
specific sequence formed from a combination of a first logic and a second 
logic different from said first logic, and a code corresponding to said specific 
sequence having the first logic and the second logic inverted are used as 
said first specific sequence, and said specific sequence, an inverted 
sequence thereof, and said time interval representing said data to be 
transmitted are transmitted in combination. 

5. The data communication method according to daim 3, two 
communication paths are included for bidirectional communication, said 
first specific sequence is used in one communication path, and a code 
corresponding to said first specific sequence having each logic inverted is 
used in the other communication path, 

6. The data communication method according to claim 3, wherein a 
pseudo-noise sequence (PN code) is used as said first specific sequence. 
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7. The data communication method according to claim 1, wherein a 
Barker sequence is used as said first specific sequence. 

8. The data communication method according to claim 3, wherein 
the number of corresponding bits having a same value minus the number of 
corresponding bits having different values in a partial received sequence 
and said first specific sequence is used as correlation therebetween, said 
partial received sequence being obtained by extracting from a received 
sequence a continuous part having a same length as that of said first 
specific sequence. 

9. The data communication method according to claim 7, wherein 
A = 11100010010 and a sequence having each bit of A inverted, i.e., 

B = 00011101101, are used as said first specific sequence, 

when A is followed by A, 1, 11, 110, 1101 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, 

when A is followed by B, 1, 10, 100, 1001 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, 

when B is followed by B, 0, 00, 001, 0010 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, and 

when B is followed by A, 0, 01, Oil, 0110 are partially or entirely 
used, whereby ten types of information are transmitted. 

10. The data commxmication method according to claim 7, wherein 
A = 10 1 1000 and a sequence having each bit of A inverted, i.e., B = 

0100111, are used as said first specific sequence, 

when A is followed by A, 1, 11, 111, 1110 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, 

when A is followed by B, 0, 00, 000, 0001 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, 

when B is followed by B, 0, 00, 000, 0001 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, and 
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when B is followed by A, 1, 11, 111, 1110 are partially or entirely 
used, whereby ten types of information are transmitted. 



11. A data communication system for representing data to be 

5 transmitted by a time interval, and interposing said data represented by 

the time interval between first specific sequences for transmission between 
a transmitter and a receiver, said first specific sequence having a sharp 
autocorrelation function, wherein 
said transmitter includes 
10 a converting means for converting said data to be transmitted 

into said time interval, 

a storage means for storing said fiirst specific sequence, and 
a transmitting means for interposing said time interval 
obtained by said converting means between said first specific sequences 
15 stored in said storage means for transmission, and 
said receiver includes 

a detection signal generating means for detecting said first 
specific sequence in a received sequence by detecting whether correlation 
between a partial received sequence and said first specific sequence exceeds 
20 a threshold value or not, and generating a detection signal at a 

corresponding timing, said partial received sequence being obtained by 
extracting from said received sequence a continuous part having a same 
length as that of said first specific sequence, and 

a restoring means for restoring data based on a time interval 
25 between detection signals from said detection signal generating means 
minus the length of said first specific sequence. 

12 . A bidirectional data communication system for transmitting in 
combination a time interval representing data to be transmitted, a first 

30 specific sequence having a sharp autocorrelation function, and a second 

specific sequence having a specific relation with said first specific sequence, 
comprising two communication paths for bidirectional communication, 
wherein said first specific sequence and said second specific sequence are 
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used in one communication path, and said first specific sequence and said 
second specific sequence each having a logic inverted are used in the other 
communication path. 



5 13. A data transmitting device for representing data to be 

transmitted by a time interval and interposing said data represented by the 
time interval between first specific sequences for transmission, said first 
specific sequence having a sharp autocorrelation function, comprising: 

a converting means for converting data to be transmitted into said 
U 10 time interval; 

a storage means for storing said first specific sequence; and 
a transmitting means for interposing said time interval obtained by 
2 said converting means between said first specific sequences stored in said 

Ifl storage means for transmission. 

01 15 

^»t= 14. A data receiving device for receiving a received sequence, said 

fy received sequence being formed from a time interval representing data to 

be transmitted and first specific sequences interposing said time interval 
□ therebetween, said first specific sequence having a sharp autocorrelation 

20 function, said data receiving device comprising: 

a detection signal generating means for detecting said first specific 
sequence in said received sequence by detecting whether correlation 
between a partial received sequence and said first specific sequence exceeds 
a threshold value or not, and generating a detection signal at a 
25 corresponding timing, said partial received sequence being obtained by 
extracting from said received sequence a continuous part having a same 
length as that of said fixst specific sequence; and 

a restoring means for restoring data based on a time interval 
between detection signals firom said detection signal generating means 
30 minus the length of said first specific sequence. 

15. The data receiving device according to claim 14, further 
comprising a means for varying said threshold value. 
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16. The data receiving device according to claim 15, wherein 
the number of corresponding bits having a same value minus the 

number of corresponding bits having different values in a partial received 
sequence and said first specific sequence is xised as correlation 
therebetween, said partial received sequence being obtained by extracting 
from said received sequence a continuous part having a same length as that 
of said first specific sequence, 

A = 11100010010 and a sequence having each bit of A inverted, i.e., 
B = 00011101101, are used as said first specific sequence, 

when A is followed by A, 1, 11, 110, 1101 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, 

when A is followed by B, 1, 10, 100, 1001 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, 

when B is followed by B, 0, 00, 001, 0010 are partially or entirely 
used as a 1 to 4-bit second specific sequence interposed therebetween, and 

when B is followed by A, 0, 01, Oil, 0110 are partially or entirely 
used, and 

said threshold value is set to 10 and -10 in a period shorter than the 
length of said first specific sequence by 1 bit after generation of said 
detection signal, and is otherwise set to 6 and -6. 

17. The data receiving device according to claim 15, wherein 
the nxmiber of corresponding bits having a same value minus the 

number of corresponding bits having different values in a partial received 
sequence and said first specific sequence is used as correlation 
therebetween, said partial received sequence being obtained by extracting 
from said received sequence a continuous part having a same length as that 
of said first specific sequence, 

A = 1011000 and a sequence having each bit of A inverted, i.e., B == 
0100111, are used as said first specific sequence, 

when A is followed by A, 1, 11, 111, 1110 are used as a 1 to 4-bit 
second specific sequence interposed therebetween. 
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when A is followed by B, 0, 00, 000, 0001 are used as a 1 to 4-bit 
second specific sequence interposed therebetween, 

when B is foEowed by B, 0, 00, 000, 0001 are used as a 1 to 4-bit 
second specific sequence interposed therebetween, and 

when B is followed by A, 1, 11, 111, 1110 are used, whereby ten types 
of information are transmitted, and 

said threshold value is set to 6 and -6 in a period shorter than the 
length of said first specific sequence by 1 bit after generation of said 
detection signal, and is otherwise set to 4 and -4. 

18. A bidirectional data communication system including at least 
two terminal devices connected on a one-to-one basis through a 
transmission path of a single-core optical fiber, for transmitting and 
receiving data, wherein each of said terminal devices includes 

a full-duplex encoding means for conducting encoding 
operation in a full-duplex transmission mode in which input packet data is 
always transmitted and received simultaneously, 

a half-duplex encoding means for conducting encoding 
operation in a half-duplex transmission mode in which a transmission 
direction (transmission and reception) of said input packet data is switched 
with time, 

a selector for selecting an output of said full-duplex encoding 
mean and an output of said half-duplex encoding means, 

a transmitting means for transmitting an output of said 
selector to one terminal device through said optical fiber, 

a communication control means for switching said selector and 
applying an input arbitration signal and input packet data to said full- 
duplex encoding means and said half-duplex encoding means to control an 
output to the other terminal device, 

an upper layer for outputting an arbitration signal and packet 
data to said communication control means according to a protocol and 
receiving an arbitration signal and packet data from said communication 
control means. 
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a receiving means for receiving information transmitted from 
the other terminal device through said optical fiber, 

a full-duplex decoding means for decoding an arbitration 
signal and packet data based on said information received by said receiving 
means for output to said communication control means, and 

a half- duplex decoding means for decoding an arbitration 
signal and packet data based on said information received by said receiving 
means for output to said communication control means, wherein 

full-duplex communication is used for arbitration of transmission, 
and half-duplex communication is used for data transmission. 

19. The bidirectional data communication system according to 
claim 18, wherein said full-duplex decoding means has an error correcting 
function that works only in full-duplex transndssion, whereby an error rate 
resulting from electromagnetic coupling noise is improved. 

20. The bidirectional data communication system according to 
claim 1, wherein said communication control means reduces a handled 
frequency by reducing a transmission rate only in said full-duplex 
transmission, whereby an error rate is improved. 

21. The bidirectional data communication system according to 
claim 1, wherein said commimication control means causes said one 
terminal device to transmit continuously or intermittently and the other 
terminal device to transmit intermittently in said full-duplex transmission, 
whereby power consumption for transmission of the intermittently 
transmitting terminal device is reduced. 

22. The bidirectional data communication system according to 
claim 1, wherein said terminal devices use different Hght wavelengths for 
transmission so as to prevent a signal transmitted from the terminal device 
itself from being mixed with a signal received by that terminal device, 
whereby an error rate is improved. 
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23. The bidirectional data communication system according to 
claim 1, wherein said terminal devices use different modulation methods 
for transmission so as to enable full-duplex transmission through a single 
optical fiber. 

24. The bidirectional data communication system according to 
claim 1, wherein said terminal devices enable transmission according to 
IEEE 1394 on said transmission path. 



-49- 



ABSTRACT 



Data to be transmitted is represented by a time interval interposed 
between specific sequences. A receiving end detects the specific sequence 
by calculating correlation between a received sequence and the specific 
sequence. The receiving end thus obtains the time interval representing 
the data, whereby the data can be restored. By usiag a sequence having a 
sharp autocorrelation function as the specific sequence and selecting an 
appropriate threshold value of correlation, the specific sequence can be 
detected even if the received sequence has an error. Moreover, 
synchronous communication can be realized. 



-50- 



\ 



CM 

\ 



< 

CL CD 

O lT 



(0 



CO 

o 



z 



q: lu 

H CO 




o 



\ 



CNJ 

o 



a: 
o 
h- 
o 

LU 
-J 
LU 
CO 



a 

>o 

EP 
o o 

LU LU 

q: CO 



T — I. 



CO 

o 



V 



X 
LU 
-J 

CL O 

lLoP 

-JOO 

< 2: LU 
X LU CO 



O 



I 



X 
LU 

3 2 :z 
Zjoo 

13 Z lU 
U. LU C/3 



o 



X 
LU 

930 

ZlOO 

r) LU LU 
Li- Q CO 



00 

o 



V 



X 
LU 

—I 

CL (D 

=) 2 z 
930 

«JOO 
< LU LU 
X Q CO 



z2 
go 

& LU 

P 

00 
00 



I 



o 



I 



QlQl 

^5 



CD 



FIG.3 



c 



START 



3 



SI 



HALF-DUPLEX 
TRANSMISSION MODE 



S2 



INITIAL NEGOTIATION 



S3 



FULL-DUPLEX 
TRANSMISSION MODE 




HALF-DUPLEX 
TRANSMISSION MODE 




T 
i. 



Q 



LU 



o 



< 



LU 
O 



< 



LU 



< 
< 

Q 



<>< 



J. 



CO 
LU 

O 



T 

.1. IZ] 



< 
o 



LU 

-J 

Q 



LU 

l_ 



< 

o 



< 

cr 
a 



LU 

-J 

Q 



LU 



LU 

-^3 



CO 
< 

cr 



< 



LU 
> 
LU 

o 

LU 
IT 



d 



LU 



CO 



LU 
> 
LU 
O 
LU 

cc: 

CD 



< < 



FIG.6 



TIME FLOW 



SPECIFIC SEQUENCE SPECIFIC SEQUENCE 

\ \ 



< 



> 



FIXED LENGTH 
^ 11 > 



CORRELATION VALUE 



> 



-13- 



FIXED LENGTH 
^ 11 ^ 



TIME INTERVAL 
CORRESPONDING 
TO DATA 



SPECIFIC SEQUENCE 



-15- 



nXED LENGTH 

11 >l 



TIME INTERVAL 
CORRESPONDING 
TO DATA 



THRESHOLD VALUE 

I I I [ ' [ I [ ' I ' 



4-^ 



1 1 1 1 1 i i I 



I ' I ' I 



DETECTION SIGNAL 



10/04vo-6 



FIG.7 




^12 




^13 








CONTROL 
SECTION 




SPECIFIC 

SEQUENCE 

GENERATOR 


> 


TRANSMITTING 




3» 




SECTION 





f1 



10/ y 




CO 

d 



12J 

El 
(Si 



|oj 



o 
-J 

LI- 
LU 



Is) 

El 



|oj 



o 

00 

o 

H 

o 

1— 

\: I- 

S2 S 



o 

o 



111 



< 

> 

Q LU 

^ o 



-J 
< 
> 

LJJ H 

S2 8 



CO 



\ 




CO 
lO 



o 



liJ 

o 

is 

s< 

< UJ 



CO 

T— 



LU o 
o h- 
q: z < 
LU LU q: 
i*^: 3 UJ 
q: o:~ 

< LU LU 
CD C/D O 



CM 



I 



\ 



21 

O UJ 
o w 



CO 



V 



LU 
Q 

o 
o 
z 

UJ 



T 



01 



CSJ 




10/.-- 



Fiai3 



BARKER SEQUENCE 
(NON-INVERTED) 



> 



THRESHOLD VALUE 



CORRELATION 
VALUE 



tl-l 



tVt 



TIME FLOW 

BARKER SEQUENCE 
(INVERTED) 



-13- 



-11- 



TIME INTERVAL 
CORRESPONDING 
TO DATA 



I ' i ' I 



BARKER SEQUENCE 
(INVERTED) 



-15- 



-11- 



TIME INTERVAL 
CORRESPONDING 
TO DATA 



4-U 



I i I 1 I I I I 



I ' I ' I 



THRESHOLD VALUE 
DETECTION SIGNAL- 



10/049 



1 



CO 



o 
I- 
o 

LJJ 
-J 
LU 
(/) 



to 



LU 
O 

is 

LU S 
< LU 



-Q 



I 



CO 



en 
uj o 
oi- 
cr z < 

UJ LU CC 

v*:: 3 UJ 

< UJ UJ 
CD CO O 



c/D a: o 

> O UJ 
SOC/5 



\ 



O LU 
O C/3 



cr 

LU 

o 
o 
o 



LU 




CM 



a 

>9 

LUh- 

oo 

LLI UJ 



1 




o 



LU 




o 




LU 
ID 


OR 


O 




LU 


i 


CO 






< LU 


CD O 


i 





o 

CM 



o 

CO 



\ 



cr 

LU o 

cr z < 

LU LU cr 

cr oz 

< LU UJ 



§1 

O ui 



LU 

^- 

Set: 

O LU 

g|i 

LU H 
>QO 
Z Z LU 

CO LU _J 

o<cr 
luOg 

cr H-o 

CLCOO 



o 



CO 

d 

il! 



cr 

LU 
Q 

o 

O 
LU 



T 



m 




'^3 



CO 

d 




10/0 



UJ 



Ill 



LU 



< 



<>< 

5^ 



3 



LLI 
I 



UJ 



< 



LU 
Q 



< 



<>< 



< 
o 



ocr: 



ceo 



cr: o 



CZ] 



q: 
o 



a: o 



CO 
LU 

o 

LU 

tr 



lU , 



< w 
Q ^ 

Q- < 

<g 
O Z 
CM 2 



< 

CC 

g 
oc 

CL 



LU 
LU 

o 

UJ 

a: 



CQ < 
O 5 
CM s 



CO 

z: 
< 



5 - 

CC 

g 

CC 

CO 

O z 
CM 2 



DC 
< 

cr 
o 

DC 
DL 



LU 
> 
LU 

o 

LU 
Dd 



O z 
CM 2 

d £ 



10/049856 



\ 



1 



LU 

o 

O 

o 

LU 
Q 



(0 



d 



a: 

UJ 
M 

O 

a: 

X 

o 
z 
>- 
(/) 



\ 



(0 
CO 



V 



< 

il 

LU cr T- 
LU 

a. Q =3 



01 
LU 
M 

z 
o 
a: 

X 

o 

00 



I 



zg 
UJ cn CM 

H lU I 
H H ^ 
< LU 
CL Q 13 



o 



I 



V 



r 

UJ 
M 

o 

X 

o 



z 
o 



2S 

LU q: CO 

H LU 
CL Q 3 



-a 



LU 

z 

o 
q: 

X 

o 
z 
>- 

CO 



I 



"I 



UJ cc 

I- UJ 1 



J 



< 

cc 
g 

Q. 



CM 

d 




III 



PLEASE NOTE: 
YOU MUST 
COMPLETE THE 
FOLLOWING: 



Insert Title: 



Fill m ^propriate 

Information - 

For Use Without ■ 

Speofication 

Attached: 



I linsert Priority 
LJInformation: 
' .z^4}^ appropriate) 



BIRCH, STEWART, KOLASCH 6f BIRCH, LLP 



COMBINED DECLARATION AND POWER OF ATTORNEY 



ATTORNEY DOCKET NO. 

FOR PATENT AND DESIGN APPUCATIONS I 0033-0788P 

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as 
stated next to my name; that I verily believe tliat I am the original, first and sole inventor ( if only one inventor 
is named below) or an original, first and joint inventor (if plural inventors are named below) of die subject 
matter which is claimed and for which a patent is sought on the invention entided: 

DATA CQMMtTNICATION METHOD. BIDIRECTIONAL DATA COMMUNICATION METHOD . 

DATA COMMUNICATIO N SYSTEM, BIDIRECTIONAL DATA CCMMUNICATION SYSTEM, 
DATA TRANSMITTING DEVICE, AND DATA RECEIVING DEVICE 



the specification of which is attached hereto. If not attached hereto, 

the specification was filed on_ 

United States Application Number^ 



as 



; and /or 



the specification was filed on_ 
International Application Number, 
amended under PCT Article 19 on. 



September 7, 2000 as PCT 

PCT/JPOQ/06114 ; and was 



. (if applicable) 



I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Tide 37, 
Code of Federal Regulations, §1.56. 

I do not know and do not believe the same was ever known or used in the United States of America before 
my or our invention thereof, or patented or described in any printed publication in any country before my or 
our invention thereof or more than one year prior to this application, that the same was not in public use or 
on sale in the United States of America more than one year prior to this application, that the invention has not 
been patented or made the subject of an inventor's certificate issued before the date of diis application in any 
country foreign to the United States of America on an application filed by me or my legal representatives or 
assigns more than twelve months (six months for designs) prior to this application, and that no application for 
patent or inventor's certificate on tiiis invention has been filed in any country foreign to the United States of 
America prior to this application by me or my legal representatives or assigns, except as follows. 

I hereby claim foreign priority benefits under Tide 35, United States Code, §119 (a)-(d) of any foreign 
application (s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before tiiat of die application on which 
priority is claimed: 



Prior Foreign Application (s) 
ll-259908fP^ 


Japan 


Seotember / 14 / 1999 


Priority Claimed 

a □ 


(Number) 

11-341655(P) 


(Country) 

Japan 


(Month/Day/Year Filed) 

December/01/1999 


Yes 


No 

□ 


(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 
□ 


No 

□ 


(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 

□ 


No 

□ 


(Number) 


(Cktuntry) 


(Monih/Day/Year Filed) 


Yes 
□ 


No 

□ 


(Number) 


(Country) 


(Month/Day Aear Filed) 


Yes 


No 



Insert Provisional 
AppUcatlon(s): g 
(if any) 



Insert Requested 
Information: ^ 
(if appropriate) 



application (s) listed below. 



(Application Number) 



Insert Mor U.S. 
Application(s): 
(if any) 



(Filing Date) 



(Filing Date) 



(Applicauon Number) 

All Foreign AppUcations, if any, for any Patent or Inventor's Certificate Filed More Than 12 Months (6 
Months for Designs) Prior To The Filing Date of This Application: 

Country Application No. 



Date of Filing (Month/Day/Year) 



I hereby claim the benefit under Tide 35, United States Code, §120 of any United States application (s) 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
prior United States application in die manner provided by die first paragraph of Tide 35, United States Code, 
§112, 1 acknowledge the duty to disclose information which is material to patentability as defined in Tide 37, 
Code of Federal Regulations, §1.56 which became available between the filing date of die prior application 
and die national or PCT international filing date of this application: 



(Application Number) 



(FOing Date) 



(Application Number) 



(Filing Date) 



(Status - patented, pending, abandoned) 



(Status • patented^ pending, abandoned) 



Page 1 of 2 



0033-0788P 



PLEASE NOTE: 
YOU MUST 
COMPLETE THE 
FOLLOWING: 



I hereby appoint the following attorneys to prosecute this application and/or an international application 
baspdon this application and to transact all business in the Patent and Trademark Office connected therewith 
and in connection with the resulting patent based on instructions received from xhc entity who first sent the 
application papers to the attorneys identified below, unless the inventor{s) or assignee provides said attorneys 



with a written notice to the contrary: 



Terrell C. Birch 
Joseph A, Kolasch 
Bernard L. Sweeney 
Charles Gorenstein 
Leonard R. Svensson 
Andrew D. Meikle 
Joe McKinney Muncy 
C. Joseph Faraci 

Send Correspondence to: 



(Reg. No Jj,382 ) 
(Reg. No . 22,463 ) 
(Reg. N o: 24,448) 
(Reg. No ^^^/^/l) 
(Reg. No r30,330) 
(Reg, No. 32,868) 
(Reg. No. 32,334) 
(Reg. No. 32,350)- 



Raymond C. Stewart 
James M. Slattery 
Michael K. Mutter 
Gerald M. Murphy, Jr. 
Terry L. Clark 
Marc S. Weiner 
Andrew F. Reish 
Donald J. Daley 



(Reg. No. 2]^06£) 
(Reg. No. 283801 
(Reg. No . 29,68Q ) 
(Reg. No^2S^Xli 
(Reg. No . 32,64_4 ) 
(Reg. No. 32J^ 
(Reg. No. 33,4431 
(Reg. No. H^llL 



BIRCH, STEWART, KOLASCH 6f BIRCH, LLP 
P.O. Box 747 • Falls Chiirch,Vjra?^^^^Q^Q-Q^^^ 



Telephone: (703) 205-8000 • Facsmule: (703) 205-8050 



I hereby declare that all statements made herein of my own knowledge are true and tiiat all statements 
made on information and belief are beUeved to be true; and further tiiat tiiese statements were made witii the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Tide 18 of the United States Code and tiiat such willfiil false statements mayjeopardize 
the validity of the application or any patent issued thereon. 



FuB Name of First w Sole 



Insert Name of Inventor 
j-^QlA Insert Date This 

Document is Signed 



Insert Residence 
~ Insert Citizenslup 



m ■ 



Insert Post Office 

Full Name of Second 
Inventor, if any: 



seesdwve 



3-cP 



Full Name of Third 
if any 



FuU Name of Fourth 
Inventor, if azqr 



FuU Name of Fifth 
Inventor, if ai7 



Page 2 of 2 
(USPTO Ai 
(Revised 8-9^) 



(USPTO Approved 3-90) 



GIVEN NAME FAMILY NAME 
Takashi NISHIMURA 


INVENTOR'S SIGNATURE | 


DATE* 

January 30, 
2002 


Residence (City, State & Country) 

Tenri-shi, Nara, Japan 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City. State & Country) 

Purasupa Toyoi #101, 268, Toyoi-cho, Tenri-shi, Nara 632-0013 Japan 


GIVEN NAME FAMILY NAME 

Seizi IMANISHI 


INVENTOR'S SIGNATURE 


DATE* 

January 30, 
2002 


Residence (City, State & Country) 1 

Tenri-shi, Nara, Japan \^\K 


CI 1 IZhNSHIP 

Japanese 


POST OFFICE ADDRESS (Connplete Street Address including City, State & Country) 

Raporu Tenri #521/2613-1, Ichinomoto-cho, Tenri-shi, Nara 632-0004 Japan 


GIVEN NAME FAMILY NAME 

Masafumi TAECAHASHI 


INVENTOR'S SIGNATURE 


DATE* 

January 30, 
1 2002 


Residence (City, State & Country) 

Tenri-shi, Nara, Japan v^f^K 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 

Akebono-ryo #961, 2613-1, Ichinomoto-cho, Tenri-shi, Nara 632-0004 Japan 


GIVEN NAME FAMILY NAME 

Kazuyuki SUMI 


INVENTOR'S SIGNATURE 


['January 30, 
1 2002 


Residence (City, State & Country) ^ 

Nara-shi, Nara, Japan JP)^ 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 

Orient Nara #605, 70-1, Surugamachi, Nara-shi, Nara 630-8357 Japan 


GIVEN NAME FAMILY NAME 

Yuji ICHIKAWA_ 


INVENTOR'S SIGNATURE 


1 DATE* 

1 January 30, 
1 9002 


Residence (City. State & Country) ^ ^ 

Tenri-shi, Nara, Japan vJP)C 


1 CITIZENSHIP 

1 Japanese 


POST OFFICE ADDRESS (Complete Street Address mcludtng City. State & Country) 

Dorufu S #107, 81-2, Sanmaiden-cho, Tenri-shi, Nara 632-0043 Japan 



DATE OF SIGNATURE 



0033-0788P 



Full Name of Sixth 
Inventor, if any: 

see above 



Full Name of Seventh 
Inventor, if any: 

^ see above 



Full Name of HgHth 
Inventor, if any: 



see above 



Ij^U Name of Ninth 
Jsjs^ventor, if any: 

see above 



'^'#uU Name of Tenth 
5 Inventor, if any: 

O 



3. 

FuUNameof nth 
Inventor, if any: 



sec above 



Full Name of 12th 
Inventor, if any; 

see above 



Full Name of 13th 
Inventor, if any: 

see above 



♦Note; 

Must be completed 



is signed. 
Pages 

(USPTO Approved 3-90) 
(Revised 8-95} 



GIVE^NAME' ^ FAMILY NAME 

Daisuke NAKANO 


INVENTOR'S SIGNATURE 


DATE- 

January 30, 
2002 


Residence (City, State & Country) 

Tenri-shi, Nara, Japan i Jf^X 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country} 

Raporu Tenri #406, 2613-1, Ichinomoto-cho , Tenri-shi, Nara 632-0004 Japan 


GIVEN NAME FAMILY NAME 
Toru * UEDA 


INVENTOR'S SIGNATURE 

y^UnAA. Ujl^ 


DATE" 

January 30, 
2002 


Residence (City, State & Country) 

Soraku-gun, Kyoto, Japan 0 P V 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address including City. State & Country) 

2-12-1-1, Umemidai, Kizu-cho, Soraku-gun, Kyoto 619-0200 Japan 


GIVEN NAME FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE- 


Residence (City, State & Country) 


CITIZENSHIP 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 


GIVEN NAME FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City. State & Country) 


CITIZENSHIP 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 


GIVEN NAME FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE- 


Residence (City, State & Country) 


CITIZENSHIP 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 


GIVEN NAME FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City, State & Country) 


CITIZENSHIP 


POST OFFICE ADDRESS (Complete Street Address including City, Stale & Country) 


GIVEN NAME FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE- 


Residence (City, State & Country) 


CITIZENSHIP 


POST OFFICE ADDRESS (Complete Street Address including City, Stale & Country) 


GIVEN NAME FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE* 


Residence (City. State & Country) 


CITIZENSHIP 


POST OFFICE ADDRESS (Complete Street Address including City. State & Country) 



